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Protein Expression and Purification 
Azurins C112D and C112D/M121X (X= L,I,F) were expressed and localized to the 
periplasm of E. coli BL21(DE3).  Crude periplasmic extract was isolated by osmotic 
shock.  Each extract was concentrated by Amicon with a 10,000 MWCO filter, 
exchanged into 50 mM tris pH 7.8 containing 50 mM NaCl and passed through Q-FF 
sepharose resin to remove anionic contaminants and then concentrated and exchanged 
into 10 mM DEA•HCl pH 9.0, adsorbed onto a HiPrep Q-FF FPLC column and eluted 
with a gradient of 10 mM DEA•Cl pH 9.0 containing 200 mM NaCl to separate Zn(II) 
holoprotein from apoprotein.  Each protein was concentrated and passed down a HiPrep 
Superdex 75 size-exclusion FPLC column in several batches to achieve homogeneity as 
assessed by silver stained SDS-PAGE. 
Crystallography: Crystal Growth 
Diffraction quality azurin crystals were grown by the method of sitting-drop vapor 
diffusion.  3 ?L of approximately 20 mg/mL protein in 100 mM sodium acetate pH 5.6 
were mixed with 1uL of a well solution containing 25% PEG 4000, 100 mM lithium 
nitrate, 10 mM copper sulfate, and 100 mM tris pH 8.0 and allowed to equilibrate against 
a reservoir containing 250 ?L of this solution.  Large (~1mM) crystals grew within three 
days of setting up crystallizations. 
Table S1: Simulations of C112D/M121X (X=L,F,I) azurin EXAFS  
C112D/M121L Azurin     
Fit Number Path CN R(Å) ?2 F 
1 Cu to N/O 3 1.96 0.00247 0.40 
2 Cu to N/O 4 1.96 0.00395 0.37 
3 Cu to N/O 4 1.96 0.00394 0.34 
 Cu to C/N (MS) 8 4.17 0.00509  
C112D/M121F Azurin     
Fit Number Path CN R(Å) ?2 F 
1 Cu to N/O 3 1.97 0.00208 0.43 
2 Cu to N/O 4 1.97 0.0034 0.35 
3 Cu to N/O 4 1.97 0.00288 0.30 
 Cu to C/N (MS) 8 4.16 0.00603  
C112D/M121I Azurin     
Fit Number Path CN R(Å) ?2 F 
1 Cu to N/O 3 1.98 0.00252 0.45  
2 Cu to N/O 4 1.98 0.00388 0.40  
3 Cu to N/O 4 1.97 0.00448 0.36  
 Cu to C/N (MS) 8 4.13 0.00571  
 
EXAFS were fit in OPT1 using paths calculated by FEFF72,3.  Coordination numbers 
(CN) were held constant while distances (R) and Debye-Waller factors (?2) were allowed 
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to float. Error in distances are estimated to be 0.02-0.03 Å and 25% for coordination 
numbers.  Fits were performed over the entire (0 to 6.0 Å) Fourier transform window.  
Goodness of fit is measured by F, defined as   [( [ki
3(EXAFSobs ?EXAFScalc )i])2 /n]1/ 2i
n? . 
Table S2: Crystallographic statistics for C112D and C112D/M121X (X=L,F,I) 
azurins. 
 C112D C112D/M121L C112D/M121I C112D/M121F 
Space Group C 2 2 21 P 61 2 2 C 2 2 21 C 2 2 21 
A 48.930 48.620 48.500 48.360 
B 55.080 48.620 54.800 54.760 
C 94.440 276.311 95.780 95.540 
? 90º 90º 90º 90º 
ß 90º 90º 90º 90º 
? 90º 120º 90º 90º 
Resolution 19.84 – 1.90 Å 24.22 – 2.1 Å 19.99 – 1.90 Å 18.12 – 1.91 Å 
Reflections 9441 (677) 10944 (546) 10344 (715) 9230 (476) 
Completeness 95.7% (92.60%) 93.6% (68.16%) 99.6% (100%) 95.6% (69.58%) 
Multiplicity 3.5 (3.1) 8.3 (4.8) 4.1 (2.0) 3.5 (2.9) 
I/?I 13.8 (2.4) 7.5 (2.9) 9.0 (3.7) 15.9 (9.1) 
Rwork 18.6% (24.7%) 17.5% (20.6%) 19.8% (24.6%) 20.0% (21.2%) 
Rfree 24.4% (34.5%) 23.6% (26.9%) 25.6% (28.3%) 24.5% (31.4%) 
e.s.u. (Rwork) 0.168 Å 0.164 Å 0.170 Å 0.185 Å 
e.s.u. (Rfree) 0.162 Å 0.168 Å 0.165 Å 0.165 Å 
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Figure S1: EXAFS of Cu(II) C112D/M121L (a), C112D/M121F (b), and 
C112D/M121I (c) azurins indicate that our X-ray crystal structures represent the 
oxidized proteins.  Colored traces correspond to experimental data, while gray traces 
represent simulated data.  Extracted metal-ligand bond distances mirror the average of the 
two Cu-N(H) and Cu-O(D) distances.  Multiple scattering paths indicate the presence of 
the two histidine ligands.  Inclusion of Cu to O(G45) paths resulted in insignificant 
improvements to fits, as well as to damped Debye-Waller factors for these paths.  
 
© 2009 Macmillan Publishers Limited.  All rights reserved. 
 
nature chemistry | www.nature.com/naturechemistry 4
Supplementary informationdoi: 10.1038/nchem.412
 
Figure S2: The carboxylate of D112 in C112D and C112D/M121X (X=L,F,I) azurins 
adopts different conformations.  The sidechains of D112 in C112D (White, 1.9 Å, 
PDBID: 3FQY), C112D/M121L (Green, 2.1 Å, PDBID: 3FPY), C112D/M121F (Orange, 
1.9 Å, PDBID: 3FQ2), and C112D/M121I (Purple, 1.9 Å, PDBID: 3FQ1) azurins are 
overlaid.  The degree of rotation of this carboxylate allows for differential hydrogen bond 
acceptance from the amide protons of N47 and F114, as shown in Figure 2. 
 
Figure S3: Packing of residue 121 leads to structural perturbations.  Residue 121 in 
C112D/M121F (orange) and C112D/M121I (purple) azurins sterically clashes with F15, 
leading to a displacement from F15’s native position as seen in C112D (white) and 
C112D/M121L (green).  In the case of C112D/M121F azurin, this leads to equal 
population of a second conformation by F15. 
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Figure S4: Electronic absorption spectra of C112D and C112D/M121X (X=L,F,I) 
azurins.  Visible spectra recorded in 100 mM phosphate pH 7.0.  NIR spectra recorded in 
100 mM phosphate pH 7.0 (uncorrected) in D2O.  Absorption maxima ~800 nm in the 
FT-NIR spectra adjusted to the extinction determined for the corresponding visible 
maximum in H2O: C112D(a,b); C112D/M121L(c,d); C112D/M121F(e,f); 
C112D/M121I(g,h). 
 
Figure S5: Cu K-edge XANES of C112D (a), C112D/M121L (b), C112D/M121F (c), 
and C112D/M121I (d) azurins.  Spectra represent the averages of the first four scans of 
different spots consisting of oxidized proteins at ~3 mM concentration in 100 mM 
sodium phosphate pH 7.0 containing 38% glycerol.  All spectra were recorded at 10 K 
and calibrated with Cu foil. 
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Figure S6: X-band EPR spectra of C112D (a), C112D/M121L (b), C112D/M121F (c), 
C112D/M121I (d) azurins.  Spectra were recorded at 77 K at approximately 2mM 
concentration in 100 mM sodium phosphate (pH 7.0 at 298 K) with 38% glycerol.  
Overlaid in gray are spectra simulated with SpinCount4. 
 
Figure S7: Plots of extracted spin parameters from EPR spectra of C112D (black), 
C112D/M121L (green), C112D/M121F (orange), and C112D/M121I (purple) 
azurins.  Variation between ?gz and the visible LF features of the azurins suggest a 
decreased orbital reduction in C112D/M121L relative to C112D/M121F and 
C112D/M121I.   
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Figure S8: CV of C112D/M121I azurin on 1:1 CH3:OH-terminated alkanethiol SAM 
modified gold electrode.  The reduction potential of C112D/M121I azurin is 310 mV vs 
NHE.  Scan rate 50 mV/s.  The reduction potential was measured in 20 mM sodium 
phosphate pH 7.0. 
 
Figure S9: SWV of C112D/M121F azurin on 1:1 CH3:OH-terminated alkanethiol 
SAM modified gold electrode.  The reduction potential of C112D/M121F azurin is 310 
mV vs NHE.  The reduction potential was measured in 20 mM sodium phosphate pH 7.0. 
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